A technique is described for observing bacterial colony growth. Bacillus cereus, B. subtilis, and B. cereus var. mycoides were grown on strips of dialysis membrane layered on nutrient agar. Microcolonies of the organisms on strips were fixed in Formalin vapor in situ; the strips then were removed from the agar and secured to scanning microscope specimen stubs without markedly disturbing the cellular arrangement. Scanning electron micrographs clearly depict morphology of individual cells, as well as the spatial orientation of cells within the colony. This technique is reproducible, adaptable, and simple.
The scanning electron microscope is a valuable adjunct to light and transmission electron microscopy for studying gross cell morphology. The instrument produces images comparable to those of light, ultraviolet, fluorescence, and X-ray microscopes; it provides great depth of focus and images with three-dimensional quality (2) . The scanning microscope has been used to examine morphological changes during germination and outgrowth of yeast, bacterial, and fungal spores (9) (10) (11) , as well as to compare wall ornamentation and surface features of spores (1, 3, 7) . Generally, the kind of information desired determines which of a variety of methods will be used to prepare biological material for scanning microscopy.
Attempts to observe bacterial colonies undisturbed have met with limited success (2) . The main difficulties encountered are distorting of cells during preparation and masking of cells by adhering media. We developed a technique that substantially reduces these problems and also facilitates fixation of cells without markedly disturbing their spacial relationship.
MATERIALS AND METHODS
Organisms and cultural conditions. Three strains of aerobic sporeforming bacteria were isolated from soil samples gathered at Peoria, Ill., and characterized as Bacillus cereus, B. subtilis, and B. cereus var. mycoides. The bacilli were routinely grown on 2% nutrient agar (Difco) containing 0.2% glucose; the final pH was 7.4. The glucose was sterilized separately and added aseptically to the medium.
About 40 ml of sterile medium was placed into separate plastic petri dishes (100 by 15 mm). The medium was allowed to solidify before the dishes were placed in an oven at 37 C for about 4 h to dry the agar surface.
Water-soaked strips (13 by 95 mm) cut from cellulose dialysis tubing (size 20, Union Carbide Corp., Chicago, Ill.) were laid on the dry surface and smoothed out with a glass spreading rod. The dialysis strips were cut to these specific dimensions to facilitate removal from the agar plate and mounting on the scanning microscope specimen stub. The width of the strip is identical to the width of the specimen stub; the length allows about 7 mm to overhang the side of the petri dish. This overhanging tab makes it easy to remove strips from the agar (Fig. 1 ). Before use, dialysis strips were soaked in distilled water overnight, and individual strips weresandwiched between moist filter paper and stacked in a glass petri dish. The petri dish containing the strips was then autoclaved at 121 C for 15 min. The filter paper enclosing the membranes was kept moist to aid handling and storing the sterilized membranes.
Periodic transfer of cells to fresh medium by the method of Collier (4) gave a synchronous population of each organism. Synchronously growing cells were washed three times by centrifugation in the cold and were then resuspended in sterile distilled water. After direct microscope counts were made with a PetroffHausser bacteria counter, the cell suspension was diluted serially in water to 104 cells/ml. About 0.03 ml of this cell suspension was gently placed onto the dialysis strip arranged as portrayed in Fig. 1 . The inoculated strip was incubated at 28 C and examined in situ hourly with a light microscope at x650. The three cultures studied had grown sufficiently for scanning microscope examination by 4 to 6 h after inoculation.
Scanning electron microscopy. Colonies at the desired growth stage were fixed in Formalin vapor for 24 h. After fixation, the outer edges of the colonies were marked by perforating the strip with a dissecting needle. The strip then was removed from the medium SCANNING ELECTRON MICROSCOPY by gently lifting the overhanging tab vertically until the entire strip was freed from the agar. An aluminum specimen stub with double-coated adhesive tape on its surface was positioned underneath the marked colony, and excess membrane was cut away. Figure 2 shows (a) an aluminum specimen stub, (b) a stub with double adhesive tape attached, and (c) one with tape and secured dialysis membrane.
Mounted colonies were coated with gold-palladium (60:40) to a thickness of about 15 nm while being rotated to 10 rpm in a Denton DV-502 high-vacuum evaporator. After coating, du Pont conductive silver paste was placed on the mounting stub surface adjacent to and touching the dialysis tubing to ensure good electrical contact. The colonies were observed in a Stereoscan scanning electron microscope (mark 2A, Cambridge Scientific Instruments, Co., Ltd., London, England) at a beam specimen angle of 45°. Accelerat- (Fig. 3f) differs from that of the other two bacteria: it is one cell thick and is composed of uniform, parallel chains of cells.
DISCUSSION
The dialysis membrane technique we developed for observing colonial growth by scanning electron microscopy gives reproducibility and simplicity. Furthermore, the method is adaptable and can be used to examine freeze-dried cells, untreated cells, or cells fixed with other chemicals. Other methods commonly used to examine bacterial colonies involve either excising agar blocks from agar plates containing colonies or growing bacteria on microcover slips and placing them directly onto specimen stubs selected one that would support bacterial (5, 6, 8, (12) (13) (14) . With these methods, some growth; would be readily available, easily handifficulties arise during drying and chemical dled, and sterilizable; would withstand chemifixation. Frequently, cells neither adhere to the cal fixation, drying, vacuum pressure, and agar surface nor to the cover slip. Extended metal coating; and would remain undistorted drying, often needed to dehydrate the agar, under electron bombardment in the scanning usually distorts the cells. If the agar is not microscope. Of the membranous films and completely dry, sublimation occurs under high sheets we examined (including various commervacuum and the sublimated agar masks the cially produced cellulose filters of different cells.
pore-size and "cellophane papers") only the A variety of membranes can be used for dialysis tubing possessed all these characterisisolation and growth of bacteria. In our work, we tics. 
